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Introduction. The Guelb Moghrein iron oxide copper-gold-cobalt is an Archean to Lower 
Proterozoic IOCG deposit located within the supracrustal rocks of the central Mauritanides fold-
and-thrust belt, near Akjoujt town, northern Mauritania. Guelb Moghrein belongs to the oldest 
known exploitation and metallurgical sites in Africa dated up to Neolithic times. In 2006, First 
Quantum Minerals Ltd. commenced operations for open pit mining of the remaining oxide and 
sulfide resources, which are estimated at 23.6 Mt at 1.88 % Cu, 1.41 g/t Au and 143 g/t Co (First 
Quantum Minerals Ltd. 2006). The origin of the hydrothermal fluids associated with Fe oxide-Cu-
Au mineralization in IOCG systems is controversial, and hydrothermal models invoked for the 
derivation of the ligands and metals include both magmatic and non-magmatic variants (i.e. Barton 
and Johnson, 2000; Pollard, 2000). The source of the hydrothermal fluid responsible for the IOCG 
mineralization at Guelb Moghrein can be inferred from calculation from the isotopic analyses of 
coexisting hydrothermal minerals in conjunction with the precipitation temperature. In this study 
δ18O, δ13C and δD and δ34S ratios were measured from silicate, carbonate, iron oxide and sulfide 
mineral separates that belong to the ore-bearing, hydrothermal assemblage of the Guelb Moghrein 
deposit. The isotope analyses are supported by petrography and mineral chemistry of the 
paragenetic assemblages. 
Overview of the geology of Guelb Moghrein. The Mauritanides belt is generally regarded as 
a pile of allochthonous terranes lying unconformably onto the western margin of the West African 
Craton. About 30 km NE of Akjoujt, a thrust zone marks the boundary of the Mauritanides to the 
gneisses and granulites of the Amsaga Basement forming part of the Archean Reguibat Shield (~3.5 
Ga) and the Taoudéni Basin, which is characterized by rocks of Neoproterozoic to Devonian age 
(Villeneuve, 2005). Meyer et al. (2006) and Kolb et al. (2006) concluded that the supracrustal rocks 
in the Akjoujt region resemble Archean greenstone belts (>2.5 Ga) that have been finally emplaced 
onto the West African Carton at ~300 Ma as a result of the collision of Gondwana and Laurentia. 
The dominant lithologies around Guelb Moghrein belong to the uppermost Oumachoueima 
stratigraphic group and include metapelitic and metapsammitic rocks, basaltic to rhyolitic 
metavolcanic rocks, BIFs and numerous iron-carbonate formations (Martyn and Strickland, 2004). 
The deposit is located within a thrust zone of strong deformation that parallels the regional west-
northwest structural trend. In the pit area, this thrust zone separates the metarhyolitic rocks of the St. 
Barbe Volcanic unit from the overlying metabasaltic-andesitic unit of the Akjoujt Metabasalt unit. 
The host rocks to the mineralization are mainly a metacarbonate body composed of coarse-grained 
Mg-rich siderite and intercalating Fe-rich metapelites represented by clinoamphibole-chlorite 
phyllonites (Fig.1; Kolb et al., 2006).
The ore bodies confined in the metacarbonate are located within a series of tectonic breccia 
zones that form tabular, coalescing lenses. The characteristic geometry of the shear zones 
includes central, clinoamphibole-chlorite phyllonite surrounded by a progressively developed 
breccia of fractured siderite (Kolb et al., 2006). The breccia matrix comprise of Fe-Mg 
clinoamphibole, magnetite, chlorite, graphite, apatite, REE phosphate (monazite and xenotime), 
rarely uraninite, and a complex arsenide-sulfide-gold assemblage which includes chalcopyrite, 
pyrrhotite, troilite, pentlandite, cubanite and mackinawite, arsenopyrite, cobaltite, clinosafflorite 
and nickeline. The principal metal, gold, is found either in native form, in solid solution with 
silver (electrum) or bismuth (maldonite), or in a complex association with silver, bismuth and 
tellurium (Bi-Au-Ag-tellurides). Peripheral to the carbonate body in the immediate wall rocks 
pervasive alteration has caused the development of a ca. 40 m wide biotite-chlorite-grunerite-
calcite alteration halo; however this zone lacks of significant gold mineralization (Kolb et al., 
2006).
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The regional lithologies at Guelb Moghrein record a clockwise metamorphic path subsequent 
to thrust deformation events. Peak, amphibolite facies metamorphism was calculated at ~580 °C 
and ca. 5 kbar for the amphibolite of the Akjoujt Metabasalt unit and is correlated to the regional, 
weak developed D1 deformation event (Kolb et al., 2006). D2 thrusting at upper-greenschist facies 
(410±30°C at 3 kbar) is associated with overthrusting of the St. Barbe Volcanic unit onto the 
Akjoujt Metabasalt unit and the development of a northwest-striking S2 mylonitic foliation in the 
various lithologies (Kolb et al., 2006). Brecciation of siderite during D2 was followed by strong 
metasomatic overprinting with the hydrothermal transport of Fe, Mg, K, Rb, Sr, Ba, Ni, Co, Cu, 
Bi, Mo, As, Au and REE in the host rocks and the formation of the gold-bearing hydrothermal 
assemblage (Kolb et al., 2008). U-Pb dating obtained by Meyer et al. (2006) on ore-related 
hydrothermal monazites and xenotimes addresses the age of the D2 deformation and iron oxide 
copper-gold-cobalt mineralization at 2489 ±8 Ma. Subsequent eastward D3 thrusting and folding at 
1742 ±13 Ma under lower greenschist facies metamorphism resulted in the retrogression of 
amphibolite to chlorite schist and eastward displacement and separation of the mineralized body 
(Kolb et al., 2008). The D3 shear zones are characterized by an approximately north-striking, S3
mylonitic foliation and open F3 folds. The latest records of deformation are that of D4 and D5
(Variscian) characterized by folding and formation of set of NNE-SSW trending faults with minor 
offset (Fig.1). 
Fig.1. Location 
and geological map of 
the Guelb Moghrein 
deposit (after Kolb et al., 
2006).
Stable isotopes.
δ18O and δD isotopic 
measurements were 
made on magnetite, 
grunerite, and chlorite, 
δ13C on graphite and 
δ34S on sulfides, from 
the main mineralized 
breccias of Guelb 
Moghrein (Figure 2). 
All isotope analyses 
were performed on pure, handpicked samples except sulfur analyses, which were performed on 
micro-drilled thick sections. Analyses were done in collaboration with Dr. Torsten Vennemann 
in Lausanne University; Dr. Radegund Hoffbauer in University of Bonn, and Dr. Michael 
Böttcher in Max-Planck-Institute of Marine Microbiology in Bremen, respectively. Oxygen and 
hydrogen isotope ratios are reported relative to V-SMOW (Vienna Standard Mean Ocean 
Water), carbon isotope ratios relative to PDB (Peedee Belemnite), and sulfur isotope ratios 
relative to VCD (Vienna Canyon Diablo). The difference in the absolute isotopic ratios (δ
notation) is expressed in parts per mil (‰).
Sulfur Isotopes. The sulfur isotopic ratios (n=6) show a very narrow spread, varying only 
slightly around zero; chalcopyrite has a δ34S of 0.1 to 1.1 ‰, pyrrhotite -0.5 to 0.4 ‰ and 
cobaltite -0.2 ‰ VCD. The tight grouping of the δ34S values obtained in this study indicates a 
uniform source of sulfur and consequently of copper, gold and cobalt for chalcopyrite, pyrrhotite 
and cobaltite. Carbon isotopy of graphite. The carbon isotope composition of graphite obtained 
from one sample is very light with δ13C values at 27.3 ‰ PDB.
The hydrogen isotope composition of the fluid is taken from the measured δDfluid value of 
grunerite and chlorite. The δDfluid values were calculated from chlorite by applying the equation 
of Satake and Matsuo (1984) and range between -25.4 and 31.8 ‰. The application of 
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hornblende-water fractionation factor (Suzuoki and Epstein, 1976) for grunerite revealed δDfluid
values from -17.2 and -32.9 ‰. The obtained values from the two minerals are quite similar 
reinforcing a common origin of the described mineralogy.
Discussion and Conclusions. The clustering of the δ34S values around zero corresponds to 
the published values of magmatic and metamorphic origin of sulfur (c.f. Rollinson, 1994). The 
calculated δDfluid values are typical of that of metamorphic waters, which according to Taylor 
(1974) appear to have a restricted range of δD between -20 and 65 ‰. The calculated fluid 
isotopic compositions are plotted on a δ18O vs. δD diagram in which possible fluid reservoirs 
such as metamorphic fluids, magmatic fluids, and meteoric water are represented (fields defined 
by Epstein, 1970 and Taylor, 1974; Figure 3). The combined oxygen and hydrogen isotope 
composition of the fluid plots in the field of the metamorphic waters. The narrow range of the 
δ18O vs. δD values reflects the lack of mixing with surface-derived fluids. The most likely source 
for deriving metal-enriched fluids is interpreted to be the Akjoujt Metabasalt unit, which is the 
dominant regional lithology in the deposit area. The structural control of the Guelb Moghrein 
mineralization by retrograde shear zones suggests a regional migration pattern for the 
metamorphic fluid in the complex thrust system in the Akjoujt area. However, a genetic 
connection of the hydrothermal fluid with magmatic source cannot be completely ruled out 
simply on the basis that no exposed intrusion relates to the mineralization as the subsurface 
architecture of the crust in that area is unknown. 
In addition, the extreme negative C-isotope values of graphite are usually interpreted to be of 
biologic activity. However, micropetrographic studies reveal that the graphite in metacarbonate 
occurs closely associated with hydrothermal clinoamphibole, magnetite, and sulfides. This 
association suggests that 
graphite and magnetite 
are the products of 
thermal disportionation 
of metacarbonate during 
the retrograde 
metamorphism.
Therefore, graphite is 
interpreted to have 
obtained the extreme 
negative δ13C signature 
owing to equilibrium 
isotope fractionation 
during thermal 
dissociation of siderite.
Fig. 3. δ18O vs. δD
compositions of the 
hydrothermal fluid responsible for the ore mineralization at Guelb Moghrein calculated from 
mineral-water fractionation factors, compared to fluids of different origin: Meteoric (Epstein, 
1970); Primary magmatic and metamorphic (300-600 oC; Taylor, 1974).
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